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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perpendicular 
magnetic recording medium less liable to generaite noise and 
having Inigh performance by controlling tlie orientation and 
grain diameter of tlie perpendicular magnetic recording medium 
obtained by forming a soft magnetic film and a magnetic film on 
a substrate. 

SOLUTION: The perpendicular magnetic recording medium has 
a soft magnetic film 2 formed on a substrata 1 directly or by 
way of another layer and a magnetio film 4 formed on the soft 
magnetic film by way of a grain diameter and orientation 
controlling film 3. Each of the controlling film 3 and the 
magnetic layer 4 comprises crystal grains grown in a columnar 
form with respect to the surface of the substrate 1 and grain 
boundary layers surrounding the lateral faces of the crystal 
grains, and the grain diameter and grain diameter distribution of 
at least the controlling film 3 out of the controlling film and the 
magnetic layer 4 and the width of the grain boundary layers in 
the film 3 are controlled by regulating the content of one or . 
more cmnpounds selected from the oxides, nitrides and borides I ~f^^'^^^ 



of the groups HS/ elements of the periodic table in the film. 
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CLAIMS " °^ " 

[Ctaim(s)] — > ____ ____ 

[Claim 1] It Is the verttoal-magnetic-recording medium which has liie soft magnetism film formed through 
direct or other layers on a substrate, and the magnetic film formed through particle size and the orientation 
control film on this soft magnetism film. The particle size and orientation control fiim, and magnetic layer which 
were formed on said soft magnetism film It consists of grain boundary layers which enclose the side face of 
the crystal which grew in the shape of a column to the substrate front feoe. and its crystal. Among this 
particle size and orientation control film, and a magnetic layer, at least distribution of the crystal particle 
diameter of partiole size and the orientation control film, and particle diameter, and the width of face of a grain 
boundary layer the [ periodic tsjjie ] — the vertical-magnetic^ecording medium characterized by having 
included at least one sort of an I-V group's oxide, a nitride, and boride, and controlling by accommodation of 
the content rate in the film. 

[Claim 2] Said particle size and orientation control film An oxide, Or the 1 st constituent which consists of at 
least one sort of metals or those alloys, the [ and / periodic table 3 — it constitutes from a grain boundary of 
the particle which consists of the 2nd constituent which is at least one sort of an I-V group's oxide, a nitride, 
and boride, and this particle — having ~ this particle — an oxide — The 1st constituent which is metals or ' 
those alloys Or 65 - 98 % of the weight, the [ periodic table ] — the 2nd constituent which consists of at least 
one sort of an I-V group's oxide, a nitride, and boride — 35 - 2 « of the weight — It Is — the graun boundary 
phase of this particle — an oxide — or the 1 st constituent which is metals or those alloys — 30 - 85 % of the 
weight — ft is — the [ periodic table } — the verticahmagneFtio-recording medium according to claim 1 whose 
2nd constituent which consists of at least one sort of an I-V group's oxide, a nitride, and boride Is 70 - 15 « of 
the weight. 

[Claim 3] The vertical-magnetic-recording medium according to claim 1 or 2 whose oxide in said particle size 
and orientation control film is at least one sort of a compound which has Spinel structure. 
[Claim 4] The vertical-magnetio-reeording medium according to claim 1, 2, or 3 whose oxide which has the 
Spinel structure in said partiole size and orientation control fiim is cobalt oxide (Co 304). 
[Claim 5] The vertical-magnetic-recording medium according to claim 1 or 2 whose oxide which is the 1st 
constituent in said particle size and orientation contrd fiim is at least one sort of cobalt oxide (CoO), chromic 
oxide, ferrous oxide, magnesium oxide, manganese owde, titanium oxide, copper oxide, or nickel oxide. 
[Claim 6] The vertical-magnetic-recording medium according to claim 1 or 2 the metals in said particle size 
and orientation control film or those alloys of whose are alloys which make Cr, Ti, or these metals a subject 
[Claim 7] For 2-50nm and mean particle diameter (d), thickness is [ said particle size and orientation control 
film / 4-18nm. and the standard deviation (sigma)/d of particle size / the width efface of 2514 or less and a 
grain boundary layer ] the vertioal-magnetic-recording medium according to claim 1 to 6 it is [ medium ] 0.1- 
2nm. 

[Claim 8] Said magnetic film is a vertioal-magnetic-recording medium aecording to claim 1 to 7 w*iioh is the 
ferromagnetic thin film which consists of an alloy which maltes Co a subject and contains at least one sort of 
elements of Pt, and Cr, Ta and Nb. 

[Claim 9] It Is the vertlcahmag^etic-recording medium which has the soft magnetism film formed through 
direct or other layers on a substrate, and the magnetic film formed through particle size and the orientation 
control fiim on this soft magnetism film, distribution of the crystal particle diameter of said magnetic film, and 
partiole diameter, and the width of face of a &ra\n boundary layer — the [ periodic table ] — the vertioal- 
magnetic-recording medium characterized by having included at least one sort of an I-V group's oxide, a 
nitride, and boride, and cotrtrolling by accommodation of the content rate in the film. 
[Claim 10] It consists of at least one sort erf components of an I-V group's oxide, a nitride, and boride. the 
[ alloy / which said magnetic film makes Co a su^ect and contains at least one sort of elements of Pt, and Cr 
Ta and Nb /, and periodic table ] — 80 - 98 54 of the weight of alloys which make Co a subject and contain at 
least one sort of elements of Pt and Cr, Ta and Nb, the [ periodic table ] — at least one sort in an I-V 
group's oxide, a nitride, and boride with 20 - 2% of the weight of a crystal part The alloy which the grain 
boundary phase of this crystal part makes Co a subject, and contains at least one sort of elements of Pt, and 
Cr, Ta and Ivlb is 2 - 20 % of the weight the [ periodic table ] — liie vertical-magnetic-reoording medium 
eocffl-dlng to claim 1 to 9 using the ferromagnetic thin film whose at least one sort of an I-V group's oxide, a 
nitride, and boride is 98 - 80 % of the weight. 
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[Claim 1 1} It (s the verticahmagnetic-recordiiiig medium according to claim 1 to 10 whose width of face of a 
grmn boundary iayer 4-14nni, and the standard deviation (sigma)/d of particle size (rf the magnrtic film In said 
vertitatf-magnetio-recordififf nnedium are [ 10-70nm and mean particle diameter (d) 3 25^ or leas for thioltness, 
and the atacki ng tendency of an easy axis is vertical to a substrate side, and is 0. 1 ^2nm. 
[Claim 12J The verticahmagnetie-recording medium charstctfirized by the ratios (d1/d2) of the particle ^ixe 
(d1) of the particle formed through direct or other layers on the substrate and the particle of the particle size 
and the orientation control film which oonststs of grain boundary layers surrounding the side face of this 
particle, and the particle SEe (d2) of the particle of the magnetic film formed on it being 0.7-1.4. 
[Claim 13] The vertioal-magnetic-reeordrnB medium whioh the thickness (t) of the particle formed through 
direct or other layers on tlw subatntt*. th* p*rUol« jSfiwi «nd the orientation control film which consist of grain 
boundary layers sitrroUrtdTng the side is.ce of this partlolB. uid the magn«tjo film formed on it, and the ratio 
Ct/ d2) of mean particle diameter (d2) are 2-7. and is dharaeitflitcetjl b]^ m\ 9iW *m b«lrig v^ttiteal to a 
substrate front face. 

[Claim 14] The vertical-magnetic-reoording medium Aeconfini; t6 daim 1 to 13 chara<stftr!z*d by the thJcknSs^ 

of sad soft magnetism film being 10-400nm. 

[Claim 1 5] The vertical-magnetic-recording medium according to claim 1 4 the thickness of whose said soft 
magnetism film is formed by Fe* Fe-nickel, Fe-Ta-C, Oo-Nb-Zr, Fe-aluminum, Fe-Si, Fe-Go-nlcket, Mo- 
nickel-Mn-Fe. Cu-Cr-mckelr-Fe. Fe-Co. Mr-Zn-Fe, Mn-Zn. Co-Nb-Zr, or Go-Fe-B, and is lOMOOhm. 
[Claim 18] said 90ft mapirtism film — a lianinated structure — having — the substrate side soft magnetism 
film — soft-magnetio-riKrterials ind^sndence and the magnetic film aide soft magnetism filiii — distribution of 

particle diameter of soft mt^nettc materials and a soft magnetism partlde, and particle diameter, and the 
width of face of a grain boundary layer — the [ periodic table ] — the vertieal-magnetic-recording medium 
according to claim 15 which contained at least one sort of an I-V group's oxide, a nitride, and boride, and was 
controlled by accommodation of the content rate in the film, 

[Claim 1 7] It is the vertical-magnetic-recording medium which has the soft magnetism film formed through 
direct or other layers on a substrate, and the maffietiefilm formed through particle size and the orientation 
control film on this soft magnetism film. The particle size and orientaition control film, mtd magnetic layer wWch 
were formed on said soft ma^etisra film It consists of ffwn boundary layers which enclose the side face of 
the crystal whioh gl^w in the shape of a column to the stAstrate front faoe, and ita crystal. Among this 
particle size and orientation control film, and a magnetic layer, at least distribution of the crystal particle 
diameter of particle size and the orientation control film, and particle diameter, and the width of face of a grain 
boundary layer the [ periodic table ] — the vertical-magnetic-recording medium which contains at least one 
sort of an I-V group's oxide, a nitride, and boride, and controls by accommodation of the content rate in the 
film, and is oharaoterized by for coercive force being 2 or more kOes, and surface recording densfty being two 
or more 40 Qb/in, 

[Claim 1 8] ft is the pl-ooesa of the vertical-magnetic-recording medium which has the soft magnetism film 
formed through dire«st or other layers on a substrate, and the magnetic fSm formed through particle size and 
the orientation control film on this soft magnetism film. The particle size and orientation control film, and 
magnetic iayer which were formed on said soft magnetism film It consists of grain boundary layers which 
endose the side face of the crystal which grew in the shape of a column to the substrate front face, and its 
crystal. Among this particle size and orientation control fiim, and a magnetic layer, at least distribution of the 
crystal paticle diameter of particle size and the orientation control film, and particle diameter, and the width 
of 1kce of a grain boundary layer the [ periodic table ] — the process of the vertical-magnetic-recording 
medium characterized by including at least one sort of an I-V group's oxide, a nitride, and boride, and 
controlling by accommodation of the content rate in the film, and forming the film by the spatter. 
[Claim 1 9] at least one sort of cobalt oxide (Co 304), oobalt oxide (CoO), ferrtais oxide, magnesium oxide, 
manganese oxide, titanium oxide, copper oxide, or nickel oxide — the 1 65 - SB % of the weight and periodic 
table ] — the particle size and the target for orientation control film fomiation of the vertical-magnetic- 
recording medium characterized by having mixed 35 to 2% of the weight, and sintering at least one sort of an I- 
V group's oxide, a nitride, and boride. 

[Claim 20] Oobalt oxide (Co 304), cobalt oxide (CoO), ferrous oxide, magnesium oxide, manganese oxide, 
titanium oxide, copper oxide, or at least one sort of oxides of nickel oxide So that it may become 65 - 98 % of 
the weight in the crystal grain parts of particle size and the orientation control film to the sintered compact of 
said oxide the [ periodic table ] — the particle size and the target for orientation control film formation of the 
vertical-magnetic-recording medium characterized by having anianged at least one sort of melts or the 
sintered compact of an I-V sroip's o;dde, a nitride, and boride on said oxide sintered compact front face. 
[Claim 21] the melt or the sintered compact of an alloy which makes Ti, OKs), or these metals a sutiject — 
the [ 65 - 98 « of tiie weight, and periodic table ] — the particle size and the target for orientation control 
film formation of the vertical-magnetic-recording medium characterized by having mixed and sintering at least 
one sort of an !-V group's oxide, a nitride, and boride so that it may become 35 - 2 % of the wei^. 
[Claim 22] In the drive which carries out revolution actuation of the magnetic-recording medium, and the 
magnetic recording medium possessing the magnetic head which performs record and playback to said 
magnotic^recordlng medium said magnetic-recording medium It is the vertieahmagnetic-recording medium 
whioh has the soft magnetism film formed through direct or other layers on a substrate, and the magnetic film 
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formed through particle size and the orientation control film on this soft magnetism film. The particle size and 
orientation control film, and ma«n«tic layer which were formed on said soft maeietism film It consists of a 
grain boundary layer which encloses the side face of the crystal wWch grew in the shape of a column to the 
substrate front face, and its crystai. Among this particle size and orientation control film, and a magnetic layer, 
at least disbibution of the orystai partide diameter of particle size and the orientation control film, and 
particle diameter, and the width of fece of a grain boundary layer the [ periodic table ] — the magnetic 
recordinB medium cteracterized by having included at ieast one sort of an I-V group's oxide, a nitride, and 
boride, and controlling by aoommmodation of the content rate in the film. 

[Claim 23] The magnetic recordyng mediuD according to olalm 22 whose suriaoe raoordlng density of said 
vertical-magnaitic--recording medium is two or more 40 Qb/in. 

[Translation donej 



..ytran.web_cgi_eije?u=http%3A«2R2FvwvHjpd!.inpit.gojp!42FTol<ujitu%2Ft(itemcntJpdl«3FN^ 



JP,2002-025030,A [DETAILED DESCRIPTION] 



1/9 ^—'J 



* NOTICES * 

JPO and IBPIT are not responsible for any 
daiaages caused by the use of this trans i at ion. 

1. TIiis document has b«9n translated by computer. So the translation may not refleot the original precisely. 

2. :jt*s|i!» shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAI LED DESCftlPlnON ■ ' ' — ■ ; ■ ■ 

Ebetaited Oesoription of the Invention] 
[6001] 

[Field of the ftivention] This invention relates to tiie target ingredient at the vartical-magnetio-reowdlng 
medium which realizes the m^^^ic recording medium and this which have high performance and high- 
reliability, and its process list. 
EP002] 

[Description of the Prior Art] Progress of a highly information-oriented society in recent years is remarkable, 
and the multimedia which unified the information on various gestalten is spreading quickly, Magnetic recording 
media, such as a magnetic disk drive, are In one of the information recording apparatus supporting this. As far 
current and a magnetic recording medium, improvement and a miniaturization of recording density are attained, 
and low-pricing of the magnetic recording medium is also advanced further quickly. 
[0003] By the way. In order to realize densifieation of a magnetic recording medium, it is an Indisfpensable 
technique to make small distance between 1 magnetic-disk medium and the magnetic head, to increase the 
coercive force of 2 magnetic-disk medium, to devise the 3 signal-processing approach, to adopt vertical 
magnetic recording instead of 4 side inner magnet mind recording method, etc. 

[0004] Among this, about the magnetic-disk medium, in order to realize recording density exceeding 40 Gb/in2, 
technical amelioration of making smaller the unit which adc^tion of the vertical magnetic recording replaced 
with a field inner magnet mind recording method, buildup of coercive force, or the flux reversal of a magnetic 
film produces is desired. 

[0005] Even if it forms vertical magnetic recording so that an easy axis may carry out orientation 
perpendicularly to a medium side Into the magnetic layer of a verticai-magnetic-recording medium, and it 
raises recording density and performs it. its antiH=i6ld In a bit is small, and it is an approach suitable for the 
high density record without lowering of record reproducing charaoteristics. 

[0006] However, In the medium of vertical magnetic reeoniing; new technical technioaJ problems — the soft 
magnetism film writii comparatively thick thickness without the need of forming Is needed ~ oocur by the fieid 
inner magnet mind recording method. Furthermore, simultaneously with detailed-izing of a magnetic grain size, 
it is becoming important from a viewpoint of heat fluctuation to make distribution of the grain size into 
homogeneity. 

[0007] JP,7-44862>, JP.5-258272>\. etc. are indicated sfcout the verticai-magnetic-recording medium. In 
order to show tfie proper range of a magnetic layer presentation in order to improve the orientation of a 
magnetic layer, and holding power, and to control the particle size of a soft magnetism layer, the effectiveness 
of forming the soft magnetism film by the DC magnetron method, where a negative DO bias is impressed is 
shown. 

[OOOBO Furtiiermore, JP.7-3489A JP,64-a605,A, JP.2-138716,A, etc, are indicated about the formation 
approach of the soft magnetism film. As an approach for controlling the magnetic particle size in a magnetic 
film, and disti-rbution of the size, preparing a seed layer in the bottom of a magnetic film is proposed so that it 
may be indicated by the USP No. 4,652,499 official report 
[0009] 

[Problem(s) to be Solved by the Invention] However, in aforementioned JP,5"25e272,A, the special technique 
which impresses a negative DC bias to controlling the particle size, and forms membranes is applied in 
formation of the soft magnetism film and a magnetic film. 

[0010] (Moreover, JP.7-3489,A, JP,64-8B05.A, JP,2-1387ieA etc. target the magnetic head. 
[0011] Moreover, as an ^proach for controlling distribution of the magnetic particle size in a magnetic film, 
and its grain size, by the approach given in a USP No. 4,652,499 official report, a limit is in control of the 
crystal grain child size of the magnetic film which constitutes a magnetic-disk medium, and a crystal grain 
child size distribution, and a very fine particle and a big and rough particle live together in a magnetic film. In 
the magnetic film of such a condition, when information was recorded, it was influenced of the leakage field 
from a surrounding magnetic particle (when reversing magnetization) or a big magnetic particle gave an 
interaction to reverse, there was a case where stable record could not be performed in supei^high density 
record exceeding 40 Gb/in2. 

[0O12] The 1st object of this invention has generating of a noise in offering a small highly efficient vertical- 
magnetic-recording medium by ensuring orientation and particle diameter control of the vertical-magnetio- 
recording medium which forms the soft magnetism film and a magnetic film and changes on a substrate. 
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[0013] The 2nd okiiect of this invention is to offer the process of the above-mentioned vertioal-masnetic- 
reoordir^ medium. 

[OOlfl The 3f d ofcuBCt of this inverrtion is to offer the target member used fbr manufacture of the above- 
menttoned vertiesal-magnetic-recording medium. 

[0015] Furthermore, the 4th oyect of this invwrtion is to offer the possible vertical-magnetic-reeording 

equipment of the super-high density record exceetfini 40 Qb/in2. 

[0016] 

[Means for Solving the Problem] The summary of this inverrtion which attains the above-mentioned object is 
as follows. 

[0017] It is the vertical-magnetic-reeording modfum which has th« scft marwtism film fwm^dlhrflush diract 
or other layers on a substrate, and the magnetid film formed through paHacte size and the orientation control 
film on this soft magnetism film. The particle size and orientation control film, and magnetic layer which were 
ferBfiM On said soft magnetism film It consists of grain boundary layers which enclose the side face of the 
cfystal which grew in the shape of a column to the substrate front fEce, and its crystal. Among thiis fiaftidte 
size and orientation control film, and a magnetic layer, at least distribution of the crystal particle diameter of 
particle size and the orientation corrtrol film, and particle diameter, and the width of face of a grain boundary 
layer the [ periodic table ] — it is in the vertical-fflagnetie-Tecording medium controlled by including at least 
one sort of an I-V group's oxide, a nrtride. and boride. and adjusting the content rate in the film. 
[001 8] Since ti» soft magnetism film becomes [ thickness ] oomparsrtivdy thick further compared with particle 
size, the orientation control film and a magnetio film, the protective coat formed an a magnetic film, the 
vertioal-maffietle-reoording medium which formed pertide size, the orientation control film, and a magnetic 
film through diroet or other layers on the substrate which formed the soft magnetism layer beforehand is 
converwent although the above-mentioned object Is attained. 

[0019] the [ 1st oonatltuent / which said particle size and orientation control film become from at least one 
sort of an o»de, metals, or those alloys at this time /, and periodic table ] — it consists of grain boundaries of 
the particle which consists of the 2nd constituent which is at least one sort of an I-V group's oxide, a nitride, 
and boride, and this particie. 

[0020] The 1 st constituent which is an oxide, metals, or those alloys this particle 65 - 98 S of the weight. The 
2nd constituent which consists of at least one sort of an I-V group's oMcte, a nitride, and boride is 35 - 2 % of 
the weight, and the 1st constituent whose grain boundary layers of this particle are an oxide, metals, or those 
alloys is 30 - 85 K of the weight, the [ periodic table ] ~ the [ periodic td>le ] — it is desirable for the 2nd 
constituent which is at least one sort of an I-V group's oxide, a nitride, and boride to be 70 - IS » of the 
weight. 

[0021] In addition, tiie matter and concentration (presentation) which constitute a particle and its grain 
boundary can be atljusted by selection of an ingredient or selection of membrane formation conditions. 
Moreover, distribution of the stacking tendency of the film, crystal grain child size, and crystal grain child size 
is also simultaneously controllable by selection of an ingredierrt, w selection of membrane formation 
conditions. 

[0022] Moreover, in the vertieal-magfietlc-recording medium of this invention, thickness is 10-400nm and, as 
for tiie soft magrvetism film, amorphous materials, sueh as an iron system alloy, a permalloy system alloy, 
CoNbZr, and CoFeB, and a ferrite compound are used as an ingredient. As such an ingredient Fe, Fe-nickel, 
Fe-Ta-G, Co-Nb-Zr, Fe-aluminum, Fe-Si, Fe-Co-nickel, l«o-nick»l-Mn-Fe, Cu-Cr-nickel-Fe, Fe-Co, Mg-Zn- 
Fe, Mn-Zn, Co-Nb-Zr, or Co-Fe-B is mentioned, for example. These can be formed by gasecHis-phase plating, 
sputtering, vacuum evaporatlono, wet plating, etc. 

[0023] It is possible to use glass, a metal, plastics, and tfKise composites as a sii>strate Ingrettient 
furthermore, and the substrate which formed beforehand in the one side or both sides the soft magnetism film 
whose thickness is 10-4O0nm by gaseous-phase plating, sputtering, vacuum evaporationo, wet plating, etc. is 
effective. 

[0024] Moreover, the soft magnetism film can be considered as the configuration which served as the function 
of the soft magnetism film, and the function of particle size and the orientation control film by forming the soft 
magnetism film which consists of amorphous materials, carrying out the laminating of the soft magnetism film 
of a cry stai line substance, and forming it for example, in a substrate side further. 
[0025] the presentation of the particle part of the soft magnetism film which consists of a crystalline 
substance ingredient at this time ~ said soft magnetism film ingredient — the [ 65 - 98 % of the weight, and / 
periodic table ] ~ at least one sort of conu>onents of an I-V group's oxide, a nitride, and boride are 35 - 2 % 
of the weight 

[0026] moreover, the grain boundary layer of this pariJcle — said soft magnetic materials — 30 - 85 % of the 
weight — it is ~ the [ periodic table ] — it is effective that at least one sort of an I-V group's oxide, a nitride, 
and boride considers as 70 - 15 K of the wei^. 

[0027] Thickness is [ 2-50nm and the mean particie diameter (d) of particle size and the orientation control 
film ] 4-1 8nm, and, as for the standard deviation (signna)/d of particle size, it Is desirable for the width of face 
of a grain boundary layer to be 0.1 -2nm 25% or leas. 

[0028] A magnetic film can make Co a subject and can use the ferromagnetic thin film which consists of an 
alloy containing at least one sort of elements of Pt and Cr, Ta and Nb. 



htlp://www4.ipdl.inpttgo.jp/cgi-bin/tran.web_cgL^e 



07/05/09 



JP,2002-025030^ [DETAILED DESCFUPTION] 



3/9 



[0029] At least one sort of elements of Cr. Ta, and seeregate the structure of this ferromagrwtic thin film 
to the grain boiaidary of the crystal grain child of Co, and It exists in it. moreover, a ferromagnetic thin film — 
the [ periodic table ] ~ it Is more effective if at least one sort of an I-V groi«>'s oxide, a nitride, and boride is 
added. 

[0030] the [ periodic t^e ] — the partlde of the soft magnetism film which added the component from at 
least one sort of an I-V group's oxide, a nitride, and boride, particle size and the orientation control film, and a 
magnetic film is a crystalline sub$t«we (it measures by X-ray dIffraotiorO, and its structure where it has 
arranged regularly and the grain bomdary of an amorphous substance (it measures by X-ray diifractioii) exists 
in the grain boundary of this particle is desirable. 

[00311 Moreover, as for this crystal grain child, it is most desirable to carry out crystal orientation so that it 
may be easy to take adjustment with the lattice constant of a magnetic film particle. Moreover, as for the 

difference of the lattice constant of the crystal of particle size and the orientation control film, and the lattice 
constant of the crystal of a magnetic film, it is desirable that It Is 20% or less. 

[0032] In addition, although [ this invention ] Pt which makes Co a suiyect as a magnetic particle component 
of a magnetic film, and the thing containing at least one sort of elements of Cr, Ta, and Nb can be used, the 
element of B, W, and others other than Uiese elements may be included as addition or an impurity. 
[0033] Moreover, in order to control the partide size of the soft magnetism film, particle size and the 
orientation control film, and a magnetic film, it is also effective to carry out two or more layer laminating of 
each film, and to form It. 

[0034] 25« or less and a stacking tendency have [ 10-70nm of thickness, (mean-particle-diameter eD 4-14nm 
and the standard deviation (slgma)/d of particle size ] an easy axis vertical to a substrate side, and, as for a 
magnetic film, it Is desirable for the width of face of a grain boundary layer to be 0.1 -2nm. 
[0035] Moreover, it is important in order that it may satisfy the object of this Invention that the ratios of the 
particle diameter of particle size and the orientation control film and the particle diameter of the magnetic film 
formed on it are 0.7-1.4. 

[0036] Furthermore, it is important in order to maintain the high property in whioh the thickness (t) of a 
magnetic film and the raitio (t/«0 of moan particle diameter (d) are 2-7, and it was stabilized by the record 
medium that an easy axis is vertical to a substrate front fece. 

[0037] Thus, the unit from which flux reversal produces the vertioal-megnetlc-recording medium of formed 
this invention Is 1 0Onm or less, and coercive force is 2 or more kOes. 

[0038] in addition, the vertical-magnetic-recording medium of this Irwerttion can form a soft magnetism layer, 
particle size and the orientation control film, and a magrtetie film in a sidsstrate at one process, i^loreover, 
since it is thick compared with other layers in many cases, beforehand, the soft magnetism layer forms the 
soft magnetism layer in the substrate, can form particle size and the orientation control film, and a magnetic 
film by the ability making it into a substrate, and can improve the flow of a process. 

[0039] By the above, the flux reversal unit in a vertical-magnetic-reoording medium and its size can be made 
small. The flux reversal unit as used in the field of here assumes the smallest unit of reversal to be one crystal 
grain child of a maffietic film, and when record and elimination u-e performed. It observes whether the crystal 
grain child of the magnetic film for how many pieces deserves under a magnetic force microscope (MFM) otc^, 
and it decides on it 

[0040] The vertical-magnetic-recording medium of such this invention can be carried, it can have the drive 
which carries out revolution actuation, and the magnetic head vrfiioh perfonns record playback to said 
magnetic-recording medium, and the magnetic recording medium which can transmit the information on Ngh 

density can be obtained. 

[0041] Since the magnetic Interaction between the crystal grain children who constitute a different magnetic 
film is reduced, the magnetic film w^lch grows on that the magnetic partiole of a magnetic film can ba 
controlling the magnetic reeordlr>g medium carrying the magnatio-reoording medium of this invention reflecting 
the particle size and particle size distribution of a crystalline substance particle in particle size and the 
orientation control film, the crystalline substance particle of particle size and the orientation control film, and 
an amorphous grain boundary can make small the zigzag pattern which exists in a magnetization transition 
region, 

[0042] Specifically, width of face of the zigzag pattern which exists in the magnetization transition region of 
the truck of a magnetic-recording medium can be made below into the gap length of a recffl-dlng head. In 
addition, although the width of face of a zigzag pattern does not necessarily need to be below gap length over 
the truck perimeter, below its gap length is Ideal over the perimeter. 

[0043] Thereby, the noise of a magnetic-recording medium can be reduced. Moreover, since the effect of a 
noise can be small suppressed even if it makes the width of recording track small, track density can be 
reduced. 

[0044] The magnetic recording medium equipped vmth the migration means to which the magnetic head which 
have the actuator which do revolution actuation of an above-mentioned vertical magnetic recording medium 
and this above-mentioned record medium, and the Records Department and the playback section, and this 
magnetic head be relatively move to a magnetic recording medium can realize the magnetic recording medium 
in which the high density record exceeding 40 Gb/in2 be possible, and can perferm record, plairt»ack, or 
elimination for various information, such as an image, and code data, an audio, to this recording apparatus. 
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[0045] 

[Embodinnent of the Invention] Hereafter, this irwantion is explained based on an example. 
[0048] Example 1] Drawing 1 is type section drawing of the vertical-magnetic-reoording medium (only 
henceforth a magnetic-recording medium) of this example. First, the glass substrate vwth a diameter of 2.5 
inches was used as a subsfrate 1. Moreover, the Fe-78nlcl^el permalloy was used as soft magnetism film 2, and 
membranes were formed by the DC magnetron sputtering method with argon gas pressure 2mTorr and 1.5kW 
of spatter power. In addition, thiokness could be 300nm. 

[0047] A substrate ie heated at 250 degrees C. Cobalt oxide (Co 304) or cobalt oxide (CoO) as particle size 
and orientation control film 3 Then, 50 - 100 14 of the vreieht. The slnteriins target wWoh consists of 0 - 50 % of 
the weight of mixture of the mole ratio 1:1 of silicon oxide {Si02) and titanium oxide (TKM), And the 
orientation and the particle-size oontrel film of every eintering pellet 1 0nm tf^cdsneas of the mole ratio 1 :1 of 
silicon oxide CSi02) and titanium oxide CTi02) were formed on the target of Cr-20at%Ti so that Cr-20at%Ti 
might become 100-50% of the weight. 

[0048] Pure Ar was used as discharge gas at the time of a spatter, and the discharge-gas-pressure force set 
5mTorr(s) and charge high-frequenoy power to I.SkW. Then, the magnetic film 4 of Co-19at540r-8atKPt was 
formed by the DC magnetron sputtering method with argon gas pressure 2mTorr and 1.5kW of spatter power. 
In addition, temperature was maintained at 250 degrees C. The property of tWs magnetic-recording mecHum is 
shown in tables 1-3. 
[0049] 
[A table 1] 
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[0050] 
[A table 2] 
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[0051] 
[A table 3] 
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[0052] In the example (table 1) which us«d Co 304 as partiol« size and orientation control film, the value of 
sigmal /d1x1 00 which are the index which shows distribution of ihe partjole sin of particle siw. the 
orientation control film 3, and a magnMie film 4 is 25« or less exo^ for the case (example of a comparison) 
where Co 304 is 100%. 

[OOSS] mweover. sample No. — the petdt which origir^tes in Co 304 by the X diffraction was not accepted 
but e end 7 had bad crystallinity. 

[0054] As a result of observing the flat surfiace of the particle size and the orientation control film before the 
magnetic film formation equivalent to the sample of No.1-7 with a transmission electron microscope (TEM) 
further again, except for the example of a comparison (6 No.1, 7), grain boundary width of face was 0.1~2.0nm. 
[0055] The presentation of a pMticle part and a grain boundary part was measured here by EDX (energy 
dispersion mold characteristic-X-ray analysis apparatus) of FE-TEM (field emission moid TEM). The beam 
diameter was extracted to about 5nm, and the grain boundary part extracted the beam diameter to about 
0.5nm. and tiie partiole part measurvd. 

[0056] Cobalt oxide Is 65 - 98 K of the weight, and. as fw the particle. fflD2 and Ti02 were contained in 
others. Moreover, cobalt oxide is 30 - 85 X of the weight, and, as for the grain boundary, SI02 and Ti02 were 
contained in others. Furthermore, when the structure of particle size and the orientation control film was 
observed by the electron ray diffraction method, the particle part was a crystalline substance and the grain 
boundary part was amorplious. 

[0057] In addition, although the particle diameter (d1, d2) of the particle which constitutes particle size and 
the orientation control film 3, and a magnetic film 4 was shown in a table 1. this surveyed area of about 300 
particles of the TEM observation photograpli on each above-mentioned front face of the film, is an approach 
by carrying out circle approximation of the area of particle each, and made the diameter particle diameter. 
[0058] The former of the oryatal of particle size and the orientation control film 3, and a magnetic film 4 was 
Co 304, orientation of the latter is carried out to Co (00. 2) from the X diffraction peak resulting from Co 
which is a major cwnponent. and it was accepted that the easy axis is growing at right angles to a substrate 
side. 

[0059] As particle size and orientation control film 3. when CoO and Cr-20at»Ti were used, the example of an 
about was shown in tables 2 and 3. 

[OOeo] The value of sigmal/dlxlOO which are the Index which shows distribution of the particle size of particle 
size, the orientation control film 3, and a magnetic film 4 was 25% or less except for the case (the example of a 
comparison; sample No.1) where CoO or Cr-20at)6Ti is 100 K of the weight 

[0061] however, sample No. of a table 2 — the peek which originates in CoO or Cr-20atXTi by the X 

diffraction was not accepted, but 6, 7, and sample No.6 of a table 3 had bad crystallinity, 

[0062] Moreover, also in this case, like Co 304, cobalt oxide or Cr-20at«Ti is 65 - 98 % of the weight and as 

for the particle, Si02 and Ti02 were contained in otiiers. Moreover, Si02+Ti02 was [ 2 - 35 » of the weight 

and the remainder of the grain boundary ] CoO or Cr-20at%Ti, orientation of the magnetic film is carried out to 

Co (00. 2) also in this case, and it was accepted that the easy axis is growing at ri^ angles to a substrate 

side. 

[0063] In addition, when the cross section of the medium of this example is observed by TEM, the magnetic 
particle is growing in the form inriiich often reflected tiie gestalt of particle size and the orientation control film 
3 except the example of a comparison, tiie ratio (d1/d2) of the particle diameter (dl3 of particle size and an 
orientation control film particle, and the particle diameter (d2) of a magnetic film — the example of a 
comparison — removing ~ the range of 0.7-1.4 ~ moreover, the range of the ratio (t/d2) of the thickness (t) 
of a magnetic film and d2 was 2-7. 

[0064] Next, the carbon (C) film of 5nm of thickness was formed as a protective coat 5 on the magnetic film 4, 
and it considered as the magnetic-recording medium 7. As for the conditions at the time of a spatter, 
discharge gas is [ Ar and the discharge-gas-pressure force of SmTorKs) and charge DC power ] 1 5kW 
[0065] In addition, although Ar was used for discharge gas in this example, the gas which contains nitrogen in 
others may be used. By this, the film can carry out eburnation and the engine performance can also be raised 
[0066] Moreover, as a result of measuring the magnetic properties of a magnetic film, except the example of a 
comparison, coercive force square shape ratio S* which coercwe force is 2 or more kOes, and is the index of 
the square shape nature of the hysteresis in a M-H loi^ formation is 0,7-0.88, and had good magnetic 
properties. Consequently, it turned out that the crystal grain child size of a magnetic film is small, and 
distribution of that size is uniform. 

[0067] Furthermore, after applying and forming lubricating film fl in the front face of this magnetic-recording 
medium 7, it included in the magnetic recorder and reproducing device, and record reproducing characteristics 
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were evaluated. 

[0068] .DLawing.2 is the p»rspective view showing the outline structure of the magnetic recording medium in 
this example, ft is th» magnetic storage equlppod with the magnetic-recorsBrvg medium 7, the actuator 8 which 
does revolution actuation of tills, the actuator 9 which maltes it record on the magnetic-recording medium 7, 
the signal tnput to the magnetic head 10, and the record regenerative-signal processing means for reproduetng 
the output signal from the magnetic head, 

[0069] The magnetic head 10 consisted of the rsp'oduc ng head and a recording head, and used the single 
magnetic pole mold magnetic head for the reproducing head. When the signal equivalent to 40 Gb/in2 was 
recorded on the magnetic-recording medium and S/N was evaluated, as fw the medium of the example except 
the example of a comparison of tables 1-3, the playback output of 2(>-3edB was obtained. On the oWier hand, 
in the magnetic film shown as an example of a comparison, it was 17-1&d6 in playback output. 
[0070] Here, when the flux reversal unit of a magnetic fllm wsas m«5Ur««t uncter the m«#i^tic foroa 
mid-osoope (MFM), the ssft^te of ttite oxmph is a 2-3 particfes grade, and It turned out that it is fWly srwlfc 
Moreover, the fiefd wh«re tiw zigsag pattern of the magnetization transition retgion measured by IWFW e»'Sts 
was also befow the gap length of 0.1 micrometers and a recording head, and was remarkably smalL 
Demagnetization by heat fluctuation or heat was not generated further again, either. This originates in 
distribution of the crystal grain child size of a magnetic film being small. 

[0071] In addition, although Co304, CoO. Cr-20at%Ti. and the mixing ratio of Si02 and Ti02 can be chosen 
suitabiy As shown in the example, the presentation of the particle parts of partiete site and the orientation 
control film 3 Cq3p4, CoQ, and Cr-20at!tTi cortiPorterttefr-flB H of the werght, \Wwn SiOZ+TK)2 «.r**f>onent 
separates from 36 - 2% of the weij^it of the rwigis, the wystallir^y of a parliqic part fall», the st6ndarY( 
deviation of the particle size of the magnetic film 4 formed on its particle size and orientation contrbl film 3 
becomes large, and it becomes impossible to secure a fijnction proper as the particle size and orientation 
control fiim 3 for record media. 

[0072] In addition, although glass was used as a substrate in this example, it is also possible to use aluminum, 
aluminum alloy substrate, plastics, or such composites, and substrate size can also be changed. 
[0073] Moreover, the layer for reforming NiP, CoCrZr, and other substrate front faces to a substrate may be 
formed Although the Fe-78nickel permalloy was furthermore used as soft magnetism film 2. If it is the 
ingredient in which soft magnetism is showa it will not be limited to this. Moreover, the two or more layers film 
which carries out an operation of the soft magnetism film, the orientation control film, a magnetic film, etc. can 
be formed, arid effsctivenees can also be heightened 

[0074] In addition, in this example, although the crystal grain child of particle size and the orientation control 
film 3 explained in the example using Co304. CoO, and Or-20a«6Ti To chromic oxide, ferrous oxide, magnesium 
oxide, manganese oxide, titanium oxide or nickel oxide, and a pan, Or, Ti, Or it checked that considering as the 
crystal grain child who makes these metals a subject could also make the particle of a magnetic film detailed, 
and it could make distribution of the grain size homogeneity. 

[0075] moreover — although the case where the mole ratio of silicon oxide {Si02) and titanium oxide (Ti02) 
used the mixture of 1:1 as add-In material was shovm — the [ periodic table ] ~ it checked that at least one 
sort of matter of an I-V group's ojdde. a nitride, and borlde acted efi«otiveJy like the silicon oxide <Si023 
shown by this example, and the mbrture of titanium oxide (1102). 

[0076] Furthermore, it also checked that the metal (for example, chromium, iron, or the oxide of nickel) with 
which ionic radii differ in Co304. CoO, etc. could be added, moreover, Cr-20at?i — the particle of a magnetic 
film 4 was made detailed by making metals other than Ti, or those alloys into the crystal grain child of particle 
size and the orientation control film 3, and it cheeked that homogeneity and the stacking tendency of a 
magnetic film could be ensured for distribution of the grain size. 

[0077] [Example 2] Type section drawing of the magnetic-recording medium in this example is shown in 
disffiingj - diawingl . In this example. 95 % of the weight of soft magnetic materials which use to nickel tiie 
film of Oo-5at»Fe-20at%B which is Co system amorphous soft magnetism film 2". and use Fe as a prinoipai 
component after SOnm formation, and t*ie thir^ which consists of 5 K of the weight of mixture of the mole ratio 
1:1 of silicon oxide CS(02) and titanium oxide 0102) were used for the target, and soft magnetism film 2' of 
lOnm thickness was formed. Pure Ar was used for the discharge gas at the time of a spatter, and the 
disoharge-gas-pressure force set SmTorKs) and charge power to 1 .5kW. 

[0078] Then, (1) A magnetic film 4 is formed on the conditions equivalent to an example 1 ( drawing 3 ). 

(2) Form particle size and the orientation control film, and a magnetic film on an example 1 and the conditions 

equivalent to No,3 of a table 1 ( drawing 4 ). 

(3) Form a magnetic film 4 on the conditions equivalent to an example 1 after camnng out the laminating of 
the soft magnetism film of only the soft magnetic materials which use nickel and Fe as a principal component 
on Co system amorphous soft magnetism film as an example of a comparison ( drawing 5 ). 

(4) Form a magnetic film 4 on the conditions which are aquivdentto an example 1 after 60nm formation as an 
example of a comparison in the Co-5at%Fe-20at?6B film which is Co system amorphous soft magnetism film 

( drawing 6 ). 

(5) As an example of a comparison, 95 % of the weight of soft magnetic materials which use nickel and Fe as a 
m^or component, and the thing which consists of 5 ?4 of the weight of mixture of the mole ratio 1:1 of silicon 
oxide {SI02) and titanium oxide CTi02) were used for the sintering target, and the medium which formed the 
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magnetic film on tlw cwiditions equivalent to an^xample 1 ( drawing } ) was created after forming the atsft 
msgnsrtistn film of ffljnra thickness. 

[0679] the mean partiote diameter <ds3 of soft magnetism film 2' to whicli 1 uses nickel and Fe as a principal 
component when these media are observed with an electron microscope -- 14nm, standard deviation 
(sigmas) / ds — t8» ~ it is ^ 90ft magnetism fitm 2' — mean-particie-diameter {dm)14.8nm of the miBgnstic 
film 4 formed upwards, standard deviation (sigmam) / dm was 17,5%. Both particle size was almbst aqulvaierTt, 
distribution of particle size was also small, and the particle size of a magnetic film was controMed by the soft 
magnetism film. Moreover, the stacking tendency of a magnetic film was also Co (00. 2). 
[0080] the mean particle diameter (ds) of soft magnetism fjlm 2' to which 2) uses nickel and Fe as a principal 
component — 14nm, standard deviation (sigmas) / ds — 18% — it is ~ soft magnetism film 2' — mean- 
partiele-diameter (dg)14.4nm of the particle size and the orientation control film 3 formed upwards, standard 
deviation (sigmag) / dg was 15.1ft, 

[0081] Mean-particle-diameter (am)14.g'inr of the magretic flm 4 furthermore formed on it standard deviation 
(sigmam) / dm was 16.1^^. 

[0082] It was admitted that the partiole size of a magne-.ic film and its distribution were controlled more by 
formation of particle si?e and the orientation control film compared with the above 1, Moreover, the stacking 
tendency of a magnetic film was also Co (00. 2). 

[0083] The mean particle diameter (dm) of the magnetic film which 19nm, standard deviation (sigmas) / ds is 
27?4, and the mean particle diameter (ds) of the soft mapirtisra film 2 with which 3) uses nickel and Fe as a 
principal component formad on the soft magnetism fllth 2 vmx) E 26.4nm, standard deviation (sigmam) / dm ] 

[0084] In addition to partiote size being largp, comtMired 1) Wfirf^ distribution «rf particle sire is also large. 
Having been that by whiob tho pwtrde sfea of til* fSte; whiofc earirfed out the additiva: «f th* mixtur* «jf the 
mole ratio t:1 of sjUcon tm4^ ($1089 add tfe^rdiJBi oxide CTiOifJ, mi fum^ It 1ft the sdt rr^«tl«m film, and 
Its distribution are cortErolied, and it also eoilMds the>: particle stz« aiid tjfi^htiatidh of a rnafrifttle film idbcl was 
admitted. 

[0085] Although 4) formed the m«Bri«!!*5 flffft oft amorphwJs soft mafiftatlBm film 2'8oft magoetistti film 2" whicsh 
is 'and was produced here', the particle size and orientattpn tff a magietic film were not ootitrotledat fill. 
[0086] The mean particle diameter (dm) of the magnetiafilm with whioh IBnm. stwidard deviation (sigmas) / 
ds is 18.6%, and the mean particle diameter (ds) of soft magnetism film 2' formed 5) oji tlw soft magnetism film 
was C laSnm, standard deviation (sigmam) / dm ] 18.2%. Both particle size was aMost widVatetit. dtistflbutlon 
of particle size was also small, and the particle size of a magnetic film was controlled by the soft majgftetism 
film. Moreover, the stacl<ing tendenoy of a magnetic film was also Co (00. 2). 

[0087] coercive force square sh«pe ratio S* 1 and whose 2 era 2.9 and 3.1 kOe. respectively and whose 
coercive force of them is the index of the square ashape niiture of the hystsr^is ina M-H .fobp fbrmiatten ae a 
result of measuring magnetic properties about these media — respectively — 0. — It is 84 atirf O.88 arid had 
gOiiid me^n^tio properties. 

[0(ft8!! On the other hand, coercive foroe was 1.flkOe(s) and coercive force square shape ratio S* of 3 was 
0.77, re^ectivety. 

[OO^d] Coercive force was 1.6kOe(s), coeroive fbroe square shape ratio St= was 0.87, respectively, and 4) was 
not w^at shows the property as a satisfying magnetic-recording medium. 

[0090] Coercive force was 1.8kOe(s) and coeroive force square shape ratio S* of 5) was 0.68, respectively. 
Although soft magnetism layer 2' was carrwng out particle size and orientation control of a magnetic film, the 
property as a magnetic-recording mediimi was not a satisfying thing. Sinoe tWs has divided the soft magnetism 
crystal in the amorphous grain boundary by adding the mocture of the mole ratio 1:1 of silicon oxide {Si02) and 
titanium oxide (Ti02) for the whole soft magnetism film, the boundary of a magnetic domain will be restricted 
and it is considered to be because for migration of a field to have become Impossible easily. 
[0091] From these results, forming the two or more layers soft magnetism film and by using add-in material (it 
being the mixture of the mole ratio 1:1 of Si02 and Ti02 in the case of this example) for soft magnetism film 
material further When forming tftat a medium property can be raised and the film which used add-in material 
(it is the mixture of the mole ratio 1:1 of Si02 and Ti02 in the case of tills example) for soft magnetism film 
materia! especially, it turns out that the soft magnetism film can sarve as the function of particle size and the 
orientation control film. 

[0092] However, the two or more layers soft magnetism film is formed in this case, and, as for the soft 
magnetism film by the side of a magnetic film 4. it is still more effective to form the film of only soft 
magnetism film material In a substrate 1 side for the film which added add-in material to soft magnetism film 
material. 

[0093] [Example 3] Drawing S is type section drawing of the magnetic-recording medium in this example. Pt 
after forming particle size and the orientation control film 3 on an example 1 and the conditions equivalent to 
N0.3 of a table 1 at this example — 12at(s)% — Si02 used for the sintering target what consists of 5 S of the 
weight, and formed the magnetic film of 15nm thickness in 95 % of the weight of magnetic materials which use 
included CoCrPtTa as a compraient Pure Ar was used for the discharge gas at the time of a patter, and the 
disoharge-gas-pressure force set SmTorKs) and charge power to 1.5kW. 

[0094] When the cross section of the medium in which the magnetic film was formed was observed with the 
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electron mifiroscope, the magnetic film which often reflected the gest&lt of particle size and the orientation 
corrtrpl film vfras growing, ami the particle of particle. 9ize. and the orientation cofitfol fitrrj and the magnetic 
parricle of a magnetic fittn wer» the almost same sizes. When the particle size distribution of a magnetic 
particle was searched jw, standard deviatferu (slgma) / oarticle size (d) was 15%. Thus, the particle of a 
ma^stic film was unoferstood that <iiatriibutkin of the size is uniform, 

[00953 Moreover, as a result of measuring the mag'ietic properties af a magnetic film, coercive fbrce square 
shape ratio S* which coercive force is 14kOe{s3 and :s the index of the square shape nature of tiie hysteresis 
in a M-H loPR formation had gooid magnetic properties by 0.91 . From this, by using add^in material also for a 
magnetic film showed that a medium property could be raised more. 

[0098] Example 4] The ^ass substtrate wtth a diameter <jf 2,5 inches was usi^d as a sMbstrats. On the 
substrate, T target w&s used and the Snm film was feirrterf fer fep^ttser. Thvn, ^ substrate was immersed 
In the water solution which dls69lve<t a liicfcel sulfst*, 9 fiMtmi$ m^ms, ami ootrtsit mm», aod ww prepared to 
pHS.O, etectroptating was carried out W wrwt* diwijlty % A/ewS* the 490nm soft maim^tm film w«$ 
formed. This substrate was heat^peifted *t 300 tiD^emt 0 fef t haiSir. m ft ooflsitb^ed tise $E0str«te ftw 
record-medium formation. 

[0097] When particle size and the orientaition control film, and a magnetic film weref&rmed on the conditions 
which are equivalent to this substrate No,3 of an example t and a table 1 and the cross sekytion of a medium 
was observed with the electron microscope, the particle eize of the soft magnetism ftlm was 14nm, it was 
growing up in the form where particle size and the orientation control film, and a magnetic film often reflected 
the gesttilt of the sflft mti^cttisM film, end the particle of the soft magnetism film, and the particle size and 
the orlentartion corttro! -Rim and th* meghetio partide of a magnetic film were the almost same sizes. 
[0088] When the particle size distribution erf a maghetie particle was searched for, standard deviation 
(sigma)/particle size Cd) was 17%. Thus, the particle of a magnetic film was understood that distribution of the 
grain size is uniform. , 

[0099] [Example 5] DrawinR 9 is type section drawing Cff the magnetic-recording medium in this example. The 
glass substrate with a diameter of 2.5 inches was used as a siistrate. On the substrate, the Fe-78nici<el 
permalloy was used as soft magnetism film 2. membranes were formed by the DC magnetron sputtering 
method with argon gas pressure 2mTprr and I.^W cf spatter power, and it considered as 20nm of thickness, 
The substrate vjas heated at 250 degrees C after that. CoO carried out 5nm laminatmg of the particle size and 
the orientation control film of the 2nd layer using the target with which SiOS consists the particle size and the 
orientation control film of the 1st layer of 5 % of the weight at 05 % of the weight after 5nm formatitih Using 
the target with which SI02+Ti02 consists of 5 % of the weight at 95 Si of the weight, and Oo-35at!iCr 
considered as particle si2:e and the orientation control film 3, and 3'. 

[0100] Pure Ar was used for the diachange las at liie time of a Spatter. aindtha diSGharge^iW^-presaure force 
set 5mTorr(s) and charge power to I.SkW. Then, the QoOrPtTa iiyst»m magnetic filifrw«ij1torm«J bV the 
magnetron sputtering method with argon gas pressure 2mT«wr arid t.SkW <rf apatter poyWi-, Tterii^jer&tiife was 
malntsined at 260 degrees C. 

[OSQI] S«!»swweniay, as a r^s* of forming a rtiegnetlcfiJm etc. on an example 1 and the oonditlona ec(otval»nt 
to N0.3 of a taiWe 1 and evaluating the property of this medium, good magnetic proparties were shown and the 
effectiveness of the laminating type partide size and the orientation control film was checked. 
[0102] [Example 6] The glass substrate with a diameter of 2.5 inches was used as a substrate. On the 
substrate, the Fe-78nickel permalloy was used as soft magnetism film, membranes were formed by l^e DC 
magnetron sputtering method with argon gas pressure 2mTorr and 1.5kW of spatter power, and thickness was 
set to 5~5(K)nm. Then, the substrate was heated at 250 de^-ees C, OoO carried out 5nm laminating «rf the 
particle size and the orientation control film of the 2nd layer using the target with whi«h S102 conalate the 
particle size and the orientation control film of the 1 6t layer of 5 « <rf the Vteight M 96 ji of the vwi^t «fl6r 
5nm formation using the target with which Si02+Ti02 consists af 5 * of the weight at 95 % of the wfeight, and 
Co-35at%Cr considered as particle size and the orientation control film. Pure Ar was used for the discharge 
gas at the time of a spatter, and the discharge-gas-pressure force set SmTorKs) and charge high-frequency 
power to 1,5kW. 

[0103] Subsequently, the CoCrPtTa system magnetic film was fonmed by llie DC magnetron sputtering method 
with argon gas pressure 2mTorr and 1.5kW of spatter power. Temperature was maintained at 250 degrees C, 
Then, the result of having formed a protective coat, lubricating film, a magnetic film, etc. on the oonditimis 
equivalent to an example 1, and having evaluated many properties of this medium Is shown In a table 4. 
[01 C4] 
[A table 4] 
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jjOIOSl TTie rBWilt of havinc measured tha cowcive iwee of each medium wEth the osciiiatory type 
magTOtometer (VSM). and the resdt to which the record playback discrete type carried out **** 
measuremerrt of the record reproducing characteristics for iJie magnetic heads were shown in a tabfe 4, 
[01061 The recording characteristic measured the output reduction-by-half recording density CD50) which 
becomes half [ of the playback output of low frequency ]. As shown in a table, the result to which the value of 
2 or more kOes of coercive force is accfuired in lOnm or more, and the thickness of the soft magnetism film 
can also improve the value of output reduetion-by-haff recording density «D60) was obtained. 
[0107] Thickness of the soft magnetism film was set to 400nm or lees by thie invention, because rt was not a 
[0108]°''**^ to not constraint but the thick film industrially exceeding 400nm from a medium property. 
[Effect of the Invention] According to this invention, on a substrate, the soft magnetism film, particle size and 
the orientation control film, and a magnetic film can be controlled, and crystal grain child size and its particle 
distribution can be formed. Thereby, the vertical-magnetic-recording medium by wWch heat fluctuation and 
heat demagnetization were controlled is realizable In a low noise. 

[0109] Moreover, since control of the crystal stacWng tendency of a magnetic film is possible, it can consider 
as the magnetic film which has the orientation suitable for high density record 

[0110] Furthermore, since the distance between the crystal grain children of a magnetic film is controllable, 
the interaction between the crystal grain children of a magnetic film can be reduced, the magnetic-recording 
medium by which the magnetic domain was made detailed in the low noise Is obtained by this, and high density 
record is attained. 
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* NOTICES * 

JPO and INF IT are not responsibie for any 
damages caused fay the use of this translation. 

1. This documnnt has bmn translated by computer. So the translation may not rsfleot the oilginai precisaly. 

2. *>f»H< shows the word which can not be tronslnted. 
3Jn the drsviHngs, any words are not translated. 

DESOHFTION OF DRAWINGS '■ — 

Eferief Description of the Drawings] 

r&ravyjng J] It is type section drawing of the vertioal-magnetie-recordinf medium of the example 1 of tWs 

invention. 

[Drawinff 2} h is the perspective view showing the outline structure of a magnetic recording madium. 
[Drawi!!g.3j it is type section drawing of the vertioal-magnetic-recording medium of the example 2 of this 
invention. 

[Drawinff 4] It is type section drawing of the vertioal-magnetic-recording medium of the example 2 of this 
invention. 

[Pfawing It is type section drawing of the vertioal-magnetic-recording medium of the example 2 of this 
invention. 

[Brnwing-Si It is type section drawing of the vertioal-magnetic-recording medium of the example 2 of this 

invention. 

[Drawina 7] h is type section drawing of the vertioal-magnetic-recording medium of tiie example 2 of this 

invention. 

[Drawing 8] It is type section drawing of the vertical-maBnetic-recording medium of the example 3 of this 

invention. 

[P«MD&.9J It is type section drawing of the vertical-magnetic-recording medium of tiie example 5 of this 
invention. 

[Description of Notations] 

1 — substrate, 2 — soft magnetism film, and 2 — '— soft magnetism film + add-in material and 2" — soft 
magnetism film (amorphous), 3 — particle size and the orientation control film, and 4 — a magnetic film, 5 — 
protective coat, 6 — lubricating film, and 7 — a vertical-magnetic-recording medium. 8 — actuator 
(revolution), 9 — actuator (record), and 10 — the magnetic heed. 11 — MAG head am, and 12 — vocoe ooll 
motor. 



[Translation done.] 
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